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Abstract
It is known that noncommutative Yang-Mills is equivalent to IIB matrix model with
a noncommutative background, which is interpreted as a twisted reduced model. In non-
commutative Yang-Mills, long range interactions can be seen in nonplanar diagrams after
integrating high momentum modes. These interactions can be understood as block-block
interactions in the matrix model. Using this relation, we consider long range interactions
in noncommutative Yang-Mills associated with fermionic backgrounds. Exchanges of grav-
itinos, which couple to a supersymmetry current, are examined.
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1 Introduction
Several kinds of Matrix Model have been proposed[1, 2] to study the nonperturbative
aspects of string theory or M theory. These proposals are based on the developments of
D-brane physics. D-branes have been shown to play a fundamental role in nonperturbative
string theory[3, 4]. A notable point is that supersymmetric gauge theory can be obtained
on their world-volume as their low energy effective theory. The idea of matrix models is
that supersymmetric gauge theory can describe string or M theory.
IIB Matrix Model is one of these proposals[2]. It is a large N reduced model[5] of
ten-dimensional supersymmetric Yang-Mills theory and the action has a matrix regular-
ized form of the Green-Schwarz action of IIB superstring. It is postulated that it gives
the constructive definition of type IIB superstring theory. This model has ten dimensional
N = 2 supersymmetry, which implies the existence of gravitons. In the matrix model,
gravitational interactions arise as quantum effects. In fact, the leading long range inter-
action in the matrix model is identified with the supergraviry results. Gravitons couple
to energy-momentum tensor and the interaction between the separate objects exhibits the
graviton exchange process[2]. We expect that IIB matrix model should reproduce the
interactions which are mediated by the whole multiplet in IIB supergravity. In [2], one-
loop effective action is calculated only for bosonic backgrounds. By considering fermionic
backgrounds[20, 21], fermionic particles such as gravitinos or dilatinos are expected to be
seen in the matrix model calculation. Hence it is important to consider fermionic back-
grounds to check that the IIB matrix model can reproduce the interactions expected in IIB
supergravity.
Recently, noncommutative Yang-Mills theories have been studied in many situations. It
first appeared within the framework of toroidal compactification of Matrix theory[7]. It is
discussed in [8] that the world volume theory on D-branes with NS-NS two-form background
is described by noncommutative Yang-Mills theory. In matrix models, space-time coordi-
nates are represented by matrices. Therefore the noncommutativity appears naturally and
matrix models are considered to be closely related to noncommutative geometry. It was
shown[12, 17, 18] that in the matrix model picture noncommutative Yang-Mills theory is
equivalent to twisted reduced models[6]. Twisted reduced models are obtained by expand-
ing the model around noncommutative backgrounds. A noncommutative background is a
D-brane-like background which is a solution of equation of motion and preserves a part
of supersymmetry. It is well known that gauge theory is realized in the world-volume of
D-branes as their low energy effective theory. In IIB matrix model, gauge theory is realized
as twisted reduced models. Noncommutative Yang-Mills as a twisted reduced model has
been studied in [13, 14, 15, 16, 19].
Noncommutative field theory has a lot of interesting properties which are absent in or-
dinary field theory. While amplitudes for planar diagrams in the noncommutative theory
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are the same as those in the commutative theory up to a phase factor associated with
external lines, amplitudes for nonplanar diagrams in the noncommutative theory are ultra-
violet finite due to the oscillation of the phase factor[6, 9, 10, 13]. Perturbative dynamics of
noncommutative field theory has been further studied in [24, 25] and it is pointed out that
the effective action has infrared singular behavior in nonplanar diagrams. After integrating
high momentum modes, long range interactions, which are absent in ordinary field theories,
can be obtained. This infrared singular behavior may be related with the propagation of
massless particles in the bulk. This behavior reminds us of the channel duality in string
theory. High momentum modes at open string one loop level on the brane corresponds
to the exchange of low momentum modes in closed string, which propagates in the bulk.
A nonplanar one-loop diagram is topologically equivalent to a tree level diagram in closed
string theory. This interaction can be understood as block-block interactions in the matrix
model picture[14]. These long range interactions, or the propagation of massless particles,
are universal property of noncommutative field theories and the matrix model.
In this paper, we consider supercurrent interactions in noncommutative Yang-Mills and
IIB matrix model using the formulation of noncommutative Yang-Mills as twisted reduced
models. We find that block-block interactions at order 1/r8 in the matrix model with
fermionic background give gravitino exchange processes at order 1/r9 in noncommutative
Yang-Mills. The interaction which decays as 1/r9 is interpreted as the propagation of a
massless fermion in ten dimensions and does not depend on the information of the extension
of the matrix eigenvalues. Then it is presented that one of the gravitinos in IIB supergravity
couples to a supersymmetry current which is a Noether current associated with supersym-
metry in IIB matrix model. The organization of this paper is as follows. In section 2, we
review IIB matrix model and its relation to noncommutative Yang-Mills theory. In the
matrix model picture, noncommutative Yang-Mills is equivalent to twisted reduced model.
In section 3, we consider the long range interactions with fermionic backgrounds in IIB
matrix model and noncommutative Yang-Mills. These long range interactions arise from
nonplanar diagrams in noncommutative Yang-Mills. Long range interactions in noncom-
mutative Yang-Mills which decay as 1/r9 are obtained. It is shown that this interactions
are due to the gravitino exchange and this gravitino couples to a supersymmetry current
in section 4. The interactions between supersymmetry currents via a gravitino exchange in
ten-dimensional supergravity are computed. Then we compare the matrix model calculation
with a supergravity calculation. Section 5 is devoted to conclusions and discussions.
2 IIB matrix model and noncommutative Yang-Mills
In this section, we review IIB matrix model[2, 11] and its relation to noncommutative
Yang-Mills[12, 13, 14].
We begin with the action which is defined by the following form:
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S = − 1
g2
Tr
(
1
4
[Aµ, Aν ] [A
µ, Aν ] +
1
2
ψ¯Γµ [Aµ, ψ]
)
. (1)
Here ψ is a ten dimensional Majorana-Weyl spinor field, and Aµ and ψ are N × N her-
mitian matrices. This model is the large N reduced model of ten-dimensional N=1 U(N)
supersymmetric Yang-Mills theory. This is based on the observation that in the large N
t’Hooft limit U(N) gauge theory is equivalent to its reduced model which is obtained by
reducing the space-time volume to a single point[5].
This model has the manifest ten dimensional Lorentz symmetry and following symme-
tries:
δ(1)ψ =
i
2
[Aµ, Aν ] Γ
µνǫ,
δ(1)Aµ = iǫ¯Γ
µψ, (2)
and
δ(2)ψ = ξ,
δ(2)Aµ = 0, (3)
and translation symmetry:
δAµ = cµ1. (4)
If we interpret the eigenvalues of Aµ as the space-time coordinates, we can regard the above
symmetry as N = 2 supersymmetry[2]. We take a linear combination of δ(1) and δ(2) as
δ˜(1) = δ(1) + δ(2),
δ˜(2) = i
(
δ(1) − δ(2)
)
. (5)
We can obtain N = 2 supersymmetry algebra:
(
δ˜(i)ǫ δ˜
(j)
ξ − δ˜(j)ξ δ˜(i)ǫ
)
ψ = 0,(
δ˜(i)ǫ δ˜
(j)
ξ − δ˜(j)ξ δ˜(i)ǫ
)
Aµ = 2iǫ¯Γ
µξδij. (6)
The classical equations of motion of (1) are
Γµ[Aµ, ψ] = 0, (7)
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[Aµ, [Aµ, Aν ]] = −ψ¯Γνψ. (8)
In the latter part of this section, we briefly review the formulation[12] of noncommutative
gauge theory as twisted reduced models. We expand the theory around the following
classical solution,
[pˆµ, pˆν ] = iBµν , (9)
where Bµν is anti-symmetric tensor and proportional to a unit matrix. This is a solution
of (8) with ψ = 0 and corresponds to a BPS background (ξ = ±1/2Bµνǫ) [2]. We assume
the rank of Bµν to be d and define its inverse C
µν in d dimensional subspace. pˆµ satisfy
the canonical commutation relations and span the d dimensional phase space. The volume
of the phase space is Vp = n(2π)
d/2
√
detB. Then we expand Aµ = pˆµ + aˆµ and Fourier-
decompose aˆµ and ψˆ as
aˆµ =
∑
k
a˜µ(k) exp(iC
µνkµpˆ
ν), (10)
ψˆ =
∑
k
ψ˜(k) exp(iCµνkµpˆ
ν). (11)
exp(iCµνkµpˆ
ν) is the eigenstate of Pµ = [pˆ
µ, ·] with eigenvalue kµ. The Hermiticity requires
that a˜∗µ(k) = a˜µ(−k) and ψ˜∗µ(k) = ψ˜µ(−k). Let Λ be the extension of each pˆµ. The volume
of one quantum in this phase space is Λd/N = λd where λ is the spacing of the quanta, say,
noncommutative scale. B , which is the component of Bµν , is related to λ as B = λ
2/2π.
kµ is quantized in the unit of kminµ = Λ/N
2/d = λ/N1/d. The range of kµ is restricted as
−N1/dλ/2 ≤ kµ ≤ N1/dλ/2.
Consider the map from a matrix to a function as
aˆµ → aµ(x) =
∑
k
a˜µ(k) exp(ikµx
µ). (12)
ψˆ → θ(x) =∑
k
θ˜(k) exp(ikµx
µ). (13)
We consider this field as the gauge field in noncommutative gauge theory. Under this map,
we obtain the following map,
aˆbˆ→ a(x) ⋆ b(x), (14)
where ⋆ is the star product defined as follows,
a(x) ⋆ b(x) ≡ exp
(
iCµν
2
∂2
∂ξµ∂ην
)
a(x+ ξ)b(x+ η) |ξ=η=0 . (15)
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Tr over matrices can be mapped on the integration over functions as
Tr[aˆ] =
√
detB
(
1
2π
) d
2
∫
ddxa(x). (16)
Using these rules, the adjoint operator of pˆµ + aˆµ is mapped to the covariant derivative:
[pˆµ + aˆµ, oˆ]→ 1
i
∂µo(x) + aµ(x) ⋆ o(x)− o(x) ⋆ aµ(x) ≡ 1
i
[Dµ, o(x)]⋆ , (17)
and
fµν = i[Aµ, Aν ]→ −Bµν + ∂µaν − ∂νaµ + i[aµ, aν ]⋆. (18)
The equations of motion (7) and (8) of the matrix model are mapped to
Γµ[Dµ, θ]⋆ = 0, (19)
[Dµ, fµν ]⋆ = (Γν)αβ θ¯α ⋆ θβ. (20)
By applying these rules to the action (1), U(1) noncommutative Yang-Mills theory has been
obtained:
− 1
4g2
Tr [Aµ, Aν ] [A
µ, Aν ]
→ dNB
2
4g2
−
√
detB(
1
2π
)
d
2
∫
ddx
1
g2
(
1
4
[Dα, Dβ][Dα, Dβ]
−1
2
[Dα, φa][Dα, φa] +
1
4
[φa, φb][φa, φb])⋆, (21)
and
− 1
2g2
ψ¯Γµ [Aµ, ψ]
→ −
√
detB(
1
2π
)
d
2
∫
ddx
1
2g2i
(θ¯Γα[Dα, θ] + θ¯Γa[Da, θ])⋆. (22)
where the indices α and β run over the directions parallel to the brane and the indices
a and b over the directions transverse to the brane. In the transverse direction, aa has
been replaced by a scalar field φa. Although we have discussed the momentum space,
the coordinate space is also embedded in the matrices of twisted reduced model through
the relation xˆµ = Cµν pˆν . This relation says that the coordinate space is related to the
momentum space. This relation is relevant to T-duality[15].
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3 Long range interaction with fermionic backgrounds
In this section, we consider quantum corrections of the matrix model. Computing
the one-loop effective action between diagonal blocks, the gravitational interactions can be
observed and IIB supergravity is expected to be reproduced. Graviton and dilaton exchange
are examined in [2, 15]. In [2], one-loop effective action is calculated without fermionic
backgrounds. With fermionic backgrounds, gravitino and dilatino exchange processes are
expected to be seen. One-loop effective action including fermionic backgrounds is examined
in [20] and in [21] in BFSS matrix model. In the bosonic background, leading 1/r8 terms
in IKKT model[2] and leading 1/r7 terms in BFSS model[1] are related by T-duality.
We now derive the one-loop effective action in fermionic backgrounds based on [2, 20].
The matrices Aµ and ψ are divided into the backgrounds and fluctuations:
Aµ = pµ + aµ, (23)
ψ = θ + ϕ. (24)
The backgrounds have block-diagonal form:
Abackµ =


p(1)µ
p(2)µ
. . .

 , θback =


θ(1)
θ(2)
. . .

 . (25)
pµ is decomposed into the trace part and traceless part:
p(i)µ = d
(i)
µ 1+ p˜
(i)
µ , (26)
where d(i)µ is interpreted as the center of mass coordinates of the i-th blocks. We expand
the action (1) up to the second order of the fluctuation and add the following gauge fixing
terms to fix the gauge invariance[2],
Sgauge-fix = −Tr(
1
2
[pµ, aµ]
2 + [pµ, b][pµ, c]), (27)
where c and b are ghosts and anti-ghosts, respectively. The action can be rewritten as
S˜ ≡ Tr(1
2
aµ(P
2
λδµν − 2iFµν)aν −
1
2
ϕ¯ΓµPµϕ+ bP
2
λc + ϕ¯Γ
µΘaµ). (28)
where Fµν ,Pµ and Θ are adjoint operators which act on matrices as follows,
PµX = [pµ, X ],
FµνX = [fµν , X ] ≡ i[[pµ, pν ], X ],
ΘX = θX − (−)mXθ. (29)
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where m is 0 for bosonic X and 1 for fermionic X . One loop effective action W is given by
the following equation,
W = − log
∫
dadϕdbdce−S˜. (30)
We assume that the blocks are separated far enough from each other. Then the expansion
with respect to the inverse powers of the relative distance between the two blocks gives the
following expression[20, 21].
W =
∑
(i,j)
W (i,j),
W (i,j) = −1
2
ST r(i,j)(FµνFνσFστFτµ − 1
4
FµνFµνFτσFτσ)
1
(d(i) − d(j))8
−1
2
ST r(i,j)(ΘΓµΓνΓρFσµFνρ[Pσ,Θ]) 1
(d(i) − d(j))8
+W
(i,j)
θ4 +O(
1
(d(i) − d(j))9 ). (31)
where ST r means a symmetrized trace in which we average over all possible orderings of
the matrices in the trace and treat any commutator as single element. W (i,j) expresses the
interaction between the i-th block and j-th block. Wθ4 denotes terms including four Θ’s.
We are not interested in these terms in the present discussions. (d(i) − d(j)) is the distance
between the center of mass coordinate of the i-th block and that of the j-th block. The
terms up to O(r−7) cancel each other when backgrounds are restricted to satisfy the matrix
model equations of motion (7) and (8). T r is the trace of the adjoint operators. This
expression can be rewritten as the form of the interaction between the diagonal blocks and
we take terms which are related to the exchange of fermionic particles 3:
W (i,j) = 12
1
(d(i) − d(j))8Tr(f
(i)
µλ [θ¯
(i)
α , p˜
(i)
λ ])(Γν)αβTr(f
(j)
µν θ
(j)
β )
+12
1
(d(i) − d(j))8Tr(f
(i)
µν [θ¯
(i)
α , p˜
(i)
λ ])(Γν)αβTr(f
(j)
µλ θ
(j)
β )
−6 1
(d(i) − d(j))8Tr([f
(i)
λρ , p˜
(i)
ν ]θ¯
(i)
α )(Γλµρ)αβTr(f
(j)
µν θ
(j)
β )
+4
1
(d(i) − d(j))8Tr([p˜
(i)
λ , f
(i)
λρ ]θ¯
(i)
α )(Γρνµ)αβTr(f
(j)
µν θ
(j)
β ). (32)
3In the paper, we are considering only the interaction which is related to a photon-photon to photino-
photino scattering.
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Now we can apply these results to noncommutative gauge theory. For simplicity, our
discussion is restricted to U(1) noncommutative gauge theory. A graviton exchange process
in noncommutative Yang-Mills is investigated in [15]. We consider the following noncom-
mutative backgrounds:
Abackµ =
(
pµ + a
(1)
µ 0
0 pµ + a
(2)
µ
)
, (33)
ψback =
(
θ(1) 0
0 θ(2)
)
, (34)
where pµ satisfies the noncommutative relation (9). The rank of Bµν is d(=even), that is,
the eigenvalues are extended over d dimensional space-time. We set B01 = B23 = · · · ≡ B
for simplicity. aµ and θ are considered as photon and photino fields. In the transverse
directions, aa is replaced by scalar fields φa. By using the mapping rule which is summarized
in the previous section, we have obtained the interactions in noncommutative Yang-Mills
from (32):
W = −12
i
Bd−8
(2π)d
∫
ddxddy(f
(1)
µλ (∂λθ¯
(1)
α ))(x)(Γν)αβ
1
(x− y)8 (f
(2)
µν θ
(2)
β )(y)
−12
i
Bd−8
(2π)d
∫
ddxddy(f (1)µν (∂λθ¯
(1)
α ))(x)(Γν)αβ
1
(x− y)8 (f
(2)
µλ θ
(2)
β )(y)
+
4
i
Bd−8
(2π)d
∫
ddxddy((∂λf
(1)
λρ )θ¯
(1)
α )(x)(Γρνµ)αβ
1
(x− y)8 (f
(2)
µν θ
(2)
β )(y)
+
6
i
Bd−8
(2π)d
∫
ddxddy((∂νf
(1)
λρ )θ¯
(1)
α )(x)(Γλµρ)αβ
1
(x− y)8 (f
(2)
µν θ
(2)
β )(y), (35)
where fµν = −Bµν + ∂µaν − ∂νaµ. We have assumed that the external momenta are small
compared to the noncommutative scale. Hence the phase factor which depends on the
external momenta is dropped. These terms can be rewritten by using the equations of
motion (20) and the following Jacobi identity,
(
fµν∂λθ¯
)
(x)G(x− y) +
(
fνλ∂µθ¯
)
(x)G(x− y) +
(
fλµ∂ν θ¯
)
(x)G(x− y)
+
(
fµν θ¯
)
(x)∂xλG(x− y) +
(
fλµθ¯
)
(x)∂xνG(x− y) +
(
fνλθ¯
)
(x)∂xµG(x− y) = 0. (36)
We can show that order 1/r8 terms vanish up to terms with four θ’s and up to total
derivative terms and we obtain the following expression:
W =
12
i
Bd−8
(2π)d
∫
ddxddy(f (1)ρν θ¯
(1)Γρ)(x)∂/
x 1
(x− y)8 (Γµf
(2)
µν θ
(2))(y). (37)
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We find that only a order 1/r9 term remains because there is a derivative acting on 1/r8.
The effect of Bµν decouples from the gravitational interaction:
W = −812
i
Bd−6
(2π)d
∫
ddxddy(θ¯(1))(x)∂/x
1
(x− y)8 (θ
(2))(y)
+
12
i
Bd−8
(2π)d
∫
ddxddy(f˜ (1)ρν θ¯
(1)Γρ)(x)∂/
x 1
(x− y)8 (Γµf˜
(2)
µν θ
(2))(y)
=
12
i
Bd−8
(2π)d
∫
ddxddy(f˜ (1)ρν θ¯
(1)Γρ)(x)∂/
x 1
(x− y)8 (Γµf˜
(2)
µν θ
(2))(y), (38)
where f˜µν = ∂µaν − ∂νaµ . In this way, we have obtained the long range interactions which
decay as 1/r9 in noncommutative Yang-Mills. This behavior is independent of the dimen-
sionality of the backgrounds. This long range interaction is interpreted as the propagation
of the massless fermions in ten dimensional supergravity and arises from the nonplanar di-
agram in noncommutative Yang-Mills[14]. In the next section, we see that this interaction
is interpreted in terms of the gravitino exchange in ten dimensional supergravity.
Before finishing this section, let us consider a supersymmetry current which is a Noether
current associated with supersymmetry. IIB matrix model has N = 2 supersymmetry (2)
and (3). We can determine two supersymmetry currents in the matrix model by the Noether
method:
Sˆµ(1) =
1
2g2
Γµψ
Sˆµ(2) =
1
2g2
fσρΓ
σρΓµψ =
i
2g2
[Aσ, Aρ]Γ
σρΓµψ. (39)
The first supersymmetry current is associated with (2) and the second is associated with
(3). The supersymmetry algebra are constructed in [22, 23]. The corresponding currents
in noncommutative Yang-Mills theory are given by
Sµ(1)(x) =
1
(2π)
d
2
1
2g2
B
d
2
−3Γµθ(x)
Sµ(2)(x) =
1
(2π)
d
2
1
4g2
B
d
2
−4fσρ ⋆ (Γ
σρΓµθ)(x), (40)
where fσρ = ∂σaρ−∂ρaσ+[aσ, aρ]⋆ . Bµν part, which comes from (18), in Sˆµ(2) is proportional
to Sˆµ(1).
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These currents are shown to be conserved by using the equation of motion and the
Bianchi identity,
[Dµ, S
µ(x)]⋆ = 0 (41)
In the next section, we investigate the interaction between S(2)µ supercurrents via exchange
of a gravitino in ten dimensional supergravity. We find that supergravity gives the same
expression as (38). We comment about S(1)µ supercurrent in section 5.
4 Gravitino exchange in supergravity
In this section, we consider a photon-photon to photino-photino scattering via exchange
of a gravitino, which is regarded as the supercurrent interactions in ten dimensional super-
gravity.
The interaction which is obtained in the matrix model calculation is shown to be re-
garded as the interaction between S(2)µ supersymmetry currents in supergravity. We also
interprete this interaction as photon-photon to photino-photino scattering via exchange of a
gravitino or as the non-planar one-loop diagrams in the two-point function of supercurrents
in noncommutative Yang-Mills.
We consider the following gravitino action in ten dimensional supergravity,
Skinetic =
i
2
∫
d10xψ¯µ(x)Γ
µρν∂ρψν(x), (42)
and determine the gravitino propagator. Supergravity theory has local supersymmetry and
therefore a gauge fixing term must be added to obtain the propagator[26]. We choose the
following gauge fixing term,
Sgauge-fix = −i
∫
d10xψ¯µ(x)Γ
µΓρΓν∂ρψν(x). (43)
This gauge is analogous to Feynman gauge in QED. Other gauges (ex. Landau gauge) have
three derivatives. Such a term does not appear in the matrix model calculation, therefore
Feynman gauge is adequate for comparing supergravity and the matrix model calculation.
The propagator is determined by the following equation,
i(−1
2
Γµνρ∂xρ −
1
i
ΓµΓρΓν∂xρ )〈ψν(x)ψ¯τ (y)〉 = ηµτ δ(x− y), (44)
and we find
〈ψν(x)ψ¯τ (y)〉 =
∫ d10k
i(2π)10
1
4k2
(Γτ ik/Γν − 6ηντ ik/)eik·(x−y)
11
=
3
i8π5
(Γτ∂/Γν − 6ηντ∂/) 1
(x− y)8 . (45)
The gravitino field is assumed to have a linear coupling with the supercurrent by the form
S = κ
∫
ddx(ψ¯µ(x)S
µ(2)(x) + S¯µ(2)(x)ψµ(x)), (46)
where we denote a photon-photino-gravitino coupling constant as κ.
A tree level gravitino exchange diagram can be calculated by
V = κ2
∫
ddxddyS¯µ(2)(x)〈ψµ(x)ψ¯ν(y)〉Sν(2)(y). (47)
We assume that the fields which appear in the external lines satisfy the on-shell conditions:
Γµ∂µθ = 0, (48)
∂µfµν = θ¯Γνθ. (49)
We denote a normalization factor of Sµ(2) as C. Then we have
V = −C2κ2 3
i8π5
∫
ddxddy(fρσθ¯Γ
µΓσρ)(x)(Γν∂/Γµ − 6ηµν∂/) 1
(x− y)8 (Γ
τλΓνfτλθ)(y)
= C2κ2
9
i2π5
∫
ddxddy(fρσθ¯Γσρ)(x)∂/
1
(x− y)8 (Γτλfτλθ)(y)
−C2κ2 12
iπ5
∫
ddxddy(fρσθ¯Γσρ)(x)∂τ
1
(x− y)8 (Γλfτλθ)(y)
+C2κ2
48
iπ5
∫
ddxddy(fρσθ¯Γσ)(x)∂/
1
(x− y)8 (Γλfρλθ)(y)
= C2κ2
3
i2π5
∫
ddxddy(fρσθ¯Γσρ)(x)∂/
1
(x− y)8 (Γτλfτλθ)(y)
+C2κ2
48
iπ5
∫
ddxddy(fρσθ¯Γσ)(x)∂/
1
(x− y)8 (Γλfρλθ)(y). (50)
In the last equality, we have used the equations of motion and ignore the total derivative
terms. In view of the tensor structure, the first term is identical with the dilatino exchange
while the second term is specific to the gravitino exchange.
By the same procedure, we next consider a spin-1/2 component of the supercurrent:
S(2)(x) ≡ βΓµSµ(2)(x) = β6CfρσΓρσθ(x), (51)
where we denote β as a normalization factor. It is expected that this component couples
to a dilatino field. The dilatino kinetic term has the following form:
12
S =
i
2
∫
d10xλ¯(x)Γµ∂µλ(x). (52)
Dilatino propagator is given by
〈λ(x)λ¯(y)〉 = −
∫
d10k
i(2π)10
2ik/
k2
eik·(x−y)
= − 3
iπ5
∂/
1
(x− y)8 . (53)
A dilatino field has a coupling with the spin-1/2 component of the supercurrent:
S = κ
∫
ddx(λ¯(x)S(2)(x) + S¯(2)(x)λ(x)). (54)
Therefore interaction between spin-1/2 component is calculated as follows
V = κ2
∫
ddxddyS¯(2)(x)〈λ(x)λ¯(y)〉S(2)(y)
= −β2C2κ2108
iπ5
∫
ddxddy(fρσθ¯Γ
σρ)(x)∂/
1
(x− y)8 (Γ
τλfτλθ)(y). (55)
From (50) and (55), we have
V = C2κ2
1
iπ5
(
3
2
− 108β2)
∫
ddxddy(fρσθ¯Γσρ)(x)∂/
1
(x− y)8 (Γτλfτλθ)(y)
+C2κ2
48
iπ5
∫
ddxddy(fρσθ¯Γσ)(x)∂/
1
(x− y)8 (Γλfρλθ)(y). (56)
We compare this supergravity result to the matrix model result(38). It turns out that
κ is determined as follows,
κ2 = 4π5g4
= 16π7g2sα
′4. (57)
In the last equality, we have expressed g2 by string coupling gs and Regge slope α
′ according
to the relation g2 = 2πgsα
′2 [2, 15]. We also find that β is given by
β =
1
6
√
2
. (58)
13
5 Conclusions and discussions
In this paper, we have studied the nonplanar two point function of the supercurrents
in noncommutative Yang-Mills. In nonplanar diagrams, infrared divergence appears after
integrating high momentum modes. This is a particular phenomenon in noncommutative
theories and is interpreted to arise from the propagation of massless particles. We have
analyzed this interaction from the block-block interaction in the matrix model using the
connection between the matrix model and noncommutative Yang-Mills theory. Block-block
interactions in IIB matrix model are well investigated. We examined the block-block inter-
actions with fermionic backgrounds at order 1/r8 and mapped to noncommutative Yang-
Mills. Then we have obtained the interactions which decay as 1/r9 in noncommutative
Yang-Mills, which is interpreted as the propagation of fermionic particle in IIB supergrav-
ity. Comparing the matrix model result to supergravity result, we observed the gravitino
and dilatino exchange processes in the matrix model. We also find that one of the two
gravitinos in IIB supergravity couples to a S(2)µ supersymmetry current.
We have mapped the long range interactions at order 1/r8 in the matrix model to
noncommutative Yang-Mills. However the long range interaction at order 1/r9 in noncom-
mutative Yang-Mills can appear not only order at 1/r8 in the matrix model calculation,
which is considered in this paper, but also at 1/r9. Therefore we have to pay attention
to sub-leading terms (order 1/r9 terms) in the matrix model calculation. These terms are
calculated in [21] in BFSS matrix model. One loop amplitudes of BFSS matrix model and
those of IIB matrix model are related each other by T-duality. We can expect that similar
terms appear in IIB matrix model calculation. According to [21], there appear order 1/r9
terms which are proportional to the insertion of dµP
µ into leading terms in (31). Other
terms at order 1/r9 contain three Fµν ’s. Therefore we only need to consider order 1/r
8 terms
in the matrix model interactions for our investigations of gravitino exchange processes.
We now comment about another gravitino. IIB matrix model has N = 2 supersym-
metry. We have two supercurrents (39) in the matrix model. However after mapping to
noncommutative Yang-Mills, half of the supersymmetry is spontaneously broken due to the
backgrounds. Therefore S(1)µ supercurrent is not a supersymmetry generator after mapping
to noncommutative Yang-Mills. We easily find that S(1)µ current does not couple to gravity
because Bµν part decouples from the gravitational interaction as in (38). To find another
gravitino is a problem which is considered in a separate paper.
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